An all-inorganic photocatalytic unit consisting of a binuclear TiOCr charge-transfer chromophore coupled to an Ir oxide nanocluster has been assembled on the pore surface 
Introduction
Inorganic molecular or well-defined polynuclear photocatalytic units on inert nanoporous oxide supports open up opportunities for developing robust and efficient artificial systems for sunlight to chemical energy conversion. Thermodynamic efficiency, in particular, requires that the redox potentials of light absorbing, charge transport, and catalytic components are closely matched. In this respect, the precision by which redox properties of atomically defined, molecular units can be selected and manipulated is particularly important. Artificial photosynthetic systems using organometallic components are attractive for the reason. [1] With the goal of combining the advantages of molecular components with the robustness of inorganic materials, we are exploring photocatalytic units consisting of an all-inorganic hetero-binuclear charge-transfer group that absorbs deep in the visible and is linked to a metal oxide-type multi-electron transfer catalyst. The binuclear group acts as light powered electron pump pulling electrons from (or donating to) the catalyst. By covalently anchoring the photocatalytic units on the surface of mesoporous silica materials such as MCM-41, the large surface area of the oxide support can be exploited to achieve a high density of reactive sites. Furthermore, the nanostructured features offer opportunities for ultimately arranging and coupling photocatalytic oxidation and reduction sites so that redox products are spatially separated.
One of the most challenging tasks of assembling an artificial photosynthetic system is the development of water oxidation sites that can be driven by visible light. The reason for focusing on oxygen evolving photocatalysts is that H 2 and ICP analysis are described in a previous paper [3] . The Cr-AlMCM-41 starting material featuring single tetrahedral Cr VI centers on the pore surface was prepared and characterized according to the method given in reference [8] . Ir oxide nanoclusters were prepared by adding of 3.5 g of this material to 50 mL toluene (distilled over CaH 2 )
containing 0.57 g Ir(acac) 3 Samples for FT-Raman measurement were prepared by loading the photocatalyst powder into a quartz tube. X-band electron paramagnetic resonance (EPR) spectra were recorded on a Varian E-109 spectrometer equipped with an E-102 microwave bridge (microwave frequency 9.25 GHz). The temperature of the sample was maintained at 20 K during the measurements using an Air Products Helitran liquid helium cryostat. Relative spin concentration was calculated by double integrating the first derivative EPR spectrum. For these calculations, and for simulation of EPR spectra, the Bruker WINEPR software was used. 7
Results and Discussion
In the TiCr-AlMCM-41 material, the majority of Cr centers are linked to a Ti center via an oxo bridge by virtue of selective redox coupling of the Ti III precursor with Cr VI . [3] Following calcination of the sieve at 350 o C, EPR spectroscopy revealed that the Cr centers exist as distorted octahedral Cr III (shown in Figure 1A Figure 3 [18, 19] The proposed mechanism for superoxide formation is supported by the observation that Ti III (g ┴ = 1.986, g ║ = 1.965), [20] rather than superoxide, is formed if the persulfate acceptor is absent in the photolysis experiment, as shown in Figure 4A , trace (a) (as expected, no superoxide band appears in the Raman spectrum, Figure 2 
Conclusions
We have demonstrated a functional water oxidation catalyst driven by a hetero-binuclear 
